A numerical model for predicting calculation of the non-linear performance of reinforced concrete structures subjected to seismic loading is needed to better simulate the behavior of reinforced concrete bearing shear walls dimensioned capacity terms with respect to seismic activity. A flexibility-based, finite element multicellular multilayer plate model and a model for the simulation of the hysteretic behavior of structures have been proposed. The results confirm the model capacity to correctly represent the hysteretic behavior of a reinforced concrete structure dimensioned capacity terms with respect to seismic activity and envisage a deepening of this tool.
INTRODUCTION
We develop in this paper a model based on the flexibility method. The method consists of first calculating the flexibility matrix which is none other than the inverse of the stiffness [7, 8] .
The purpose of this study is to model the structural response of bearing shear walls subject to seismic effects using a comprehensive three-dimensional numerical model based on nonlinear finite elements approach coupled with a damage model developed for the behavior of concrete material. The calculation is carried out effectively simulating the interaction between the concrete «finite elements multilayer multicellular plates » and steel rebar «fiber finite element»: the purpose is to manage the impact of these two materials and the characteristics of the contact. The comparison of experimental results with the obtained results by numerical analysis is conducted to confirm the quality of the model in the case of seismic loading.
2-FLEXIBILITY BASED METHOD
The exact interpolation functions are obtained by writing the different exterior forces of any point of the finite element, which are in this case internal forces of the structure, depending on the nodal reduced efforts. Thus, we determine the matrices representing the interpolation functions of effort. One of the methods to calculate the exterior forces of the "finite element" is to linearly interpolate them from the equilibrium equations of the system. In particular, in our study, the normal /shear efforts are assumed constant at any point of the "finite element" and the moments vary linearly as a function of its variables (x and y in case of a plate). Thus, for a triangular plate finite element IJK, we obtain the following relationships:
-The matrix that binds the membrane and bending efforts on any point with the reduced efforts is defined by: 
-The matrix that binds the shear efforts on any point with reduced efforts is defined by: , , ,
Σ is the vector of the reduced nodal efforts, T T are respectively the membrane forces vector, bending moments, torque and shear forces applied at any point of the "finite element". The direct combination of these finite elements provides the elementary stiffness matrix of the model in the local coordinate system expressed by: R is the transition matrix to the system without rigid modes of deformation with five degrees of freedom, which force field is represented by equation (8) and the corresponding displacements { } q are defined in equation (9): 
The flexibility matrices concerning the finite element plate are given by:
The matrices
are the bending flexibilities membrane matrix and shear matrix respectively: 
The matrices ( , ) 
3-EXPERIMENTAL TESTS
Six shear-walls, five with the same aspect ratio (WSH1 to WSH5, h / l = 2.28) and (h / l = 2.26 for WSH6) were tested in shear wall reaction at the IBK Laboratory. These walls represent the shear walls bearing stabilizing a prototype three-storeys building. The shear walls have the same width (2.00) and the same height (4.56 m and 4.52 m for WSH6) and thickness (0.15 m). The prototype building is a typical structural wall system, consisting of small columns slabs designed for gravity loads only and some shear walls bearing thin-relatively of rectangular sections.
The experimentally walls studied are tested under cyclic quasi-static alternate loading at the laboratory of the Institute of Statics and Structures (IBK) at the ETH Zurich, Switzerland [1, 2, 3] . The top of the walls is subject to horizontally alternately forces in the plane of the walls by a hydraulic cylinder located at the height of 4.56 m (4.52 m for WSH6) above the base ( figure 4.2) .
The cyclic loading is carried out under load control for the first two cycles is applied to the walls and kept constant during loading by a prestressing device. Cyclic loading is also driven by a cyclically variable speed k V (figure 3.1). 
FINITE ELEMENT MODELING AND RESOLUTION ALGORITMS
For all applications described in this article, we use a flexible finite element implemented in the RE_FLEX code. The finite elements used and the numerical strategies employed are formulated on the basis of the forces method as described in ( § .2). The shear walls were modeled so that they mesh with the large number of finite elements at their bases.
Regarding the 2-D approach , we use of flexible finite element plate (FLX) to which we combine with an integration technical in the thickness z (multilayer aspect) and a grid technic in the (x, y) plane (multicellular approach). This allows to monitor the evolution of the nonlinear behavior in the shear-wall volume (plate). In each cell, a state of plane constraints is considered and therefore all behavior relations in plane stress can be affected. To model the shear-walls reinforcement, we adopted under the fiber model. Thus, each steel cell, represented by a finite element beam Timoshenko [4, 5] , is attached to another cell of the mesh of the finite element (figure 4.1). In this modeling, each steel fiber is represented by a triangle with an equal area to the area of the corresponding steel cell.
In all computations, the iterative scheme of static equilibrium used is the Newton-Raphson method. 
MODEL BEHAVIOR OF CONCRETE AND STEEL
Based on damage mechanics, the Mazars model is adapted for the description of the damage behavior [11, 12] . The particular point of this model is to use a deformation criterion by introducing the concept of equivalent deformation The damage acts directly on the stiffness of the material as follows:
Where ν is Poisson's ratio, I is the unit matrix and E is the elasticity modulus.
The behavior of the reinforcements uses a classical model of elastoplasticity with kinematic hardening [9] . This model can be linear or not, and includes a rupture criterion, depending on the quality of information available on the frames used.
RESULTS AND INTERPRETATION

OVERALL BEHAVIOR FORCE-LATERAL DISPLACEMENT OF REINFORCED CONCRETE SHEAR WALLS
The exact calculation of the behavior force-nonlinear displacement is complicated, but a numerical calculation is still needed to validate the numerical model. The comparison of experimental results with the results of numerical calculation is satisfactory for the prediction of the nonlinear comportment of reinforced concrete structures. The finite element multilayer multicellular model chosen and adopted showed a good ability to model structures similar to those of reality structures with different types of combined nonlinearities conditions.
Figures 6.1 to 6.8 illustrate the reality comportment and numerical approximations of the six (6) concrete shear walls studied. 
6.2-SEMI-LOCAL BEHAVIOR IN A CRITICAL ZONE
In figures 6.9 to 6.14, we present the evolution of the curvature along the shear wall WSH2 for a height of 3.50 m at the end of each loading cycle. The multilayer multicellular numerical model provides curvatures that represent a mean for a dimensional-analysis linking the local parameters to the global parameters. This allows identifying the location of the nonlinearities phenomenon and the formation of the plastic hinge at the base of the shear wall. 
6.3-ENERGY ASSESSMENT
The dissipated energy is determined by integrating the products of the jack force multiplied by the relative displacement increment. This integration is replaced by the sum of the incremental energy in order to numerically calculate the energy. The incremental energy is the product of a force Fi with the corresponding relative displacement increment. After each cycle, in the hysteretic return, a portion of the stored energy is restored to the system (by means of the cylinder) due to the elastic discharge which results in some form of successive waves ( figure 6.15) . At the end of the test, all the input energy was dissipated by plastic deformation (corresponding to the final height of the curve). The ratio of the energy dissipated to the injected energy, characterizes the energy dissipation capacity of the shear wall and equal 68%.
The model allows to calculate the energy dissipated by displacement in each zone of to the structure and in particular in the critical zone (figures 6.16 and 6.17). zone1 ( 0 1 . 
CONCLUSION
The numerical and experimental results obtained have allowed us, first to highlight the mechanisms of wall resistance and rupture with a rectangular cross section, designed according to the rules of Eurocode 8 [6] . The walls tested on the seismic table IBK always fail under bending, by rupture the steel. Concrete under a little solicited under compression.
In a second step, the main characteristics of the hysteretic behavior of the shear walls are taken into account such as the degradation of stiffness and resistance, the mechanisms associated with the bending deformation, deterioration of adhesion steel and concrete and the shear force. It also establishes an energy calculating deformations of the structure. The model is able to simulate the nonlinear effects of bending and shearing in the junctions.
The obtained results can then be useful when designing practical applications. They also allow to further develop the flexibility method by choosing 3-D thin hulls modeling for the walls coupled with a multilayer multicellular approach for columns, beams and reinforced concrete shear walls.
